Interferon-alpha (IFN-α) has been used in systemic treatment for metastatic renal cell carcinoma (mRCC).
As prospective randomized trials indicated a beneficial survival effect of interferon-alpha (IFN-α) in metastatic renal cell carcinoma (mRCC) patients, IFN-α was adopted as the first-line treatment for mRCC (11) . However, the response rate of therapy was around 15% (21) , and even in combination with interleukin-2, the effect was around 20% (15) . These results in mRCC patients were obviously unsatisfactory. Recently, the strategy for mRCC is changing to administration of molecular targeted drugs instead of immunotherapy as the first-line of therapy, and the use of IFN-α is recommended only in combination with bevacizumab according to the National Comprehensive Cancer Network (NCCN) and the European Association of Urology (EAU) guidelines (5, 17) . However, to date long-term remission has been obtained by treatment with IFN-α alone. There are at least 14 subtypes of IFN-α, each of which has different biological activity (4) . There are three different IFN-α preparations with different subtype compositions available in Japan: recombinant IFN-α2b (Intron A; Schering-Plough Pharmaceuticals Co. Ltd., Osaka, Japan), natural IFN-α (OIF; Otsuka Pharmaceuticals Co. Ltd., Tokyo, Japan), and Sumiferon (Dainippon Sumitomo Pharma Co. Ltd., Osaka, Japan). There have been several reports of mRCC cases that responded to treatment with one IFN-α preparation even though the patient notherapy from the time of protocol entry. Treatment was continued in cases exhibiting either a response or stable disease (SD) until disease progression was observed. The adverse events associated with administration of IFN-α to the patients were assessed by the National Cancer Institute Common Terminology Criteria for Adverse Events (NCI-CTCAE) ver.3. The differences in serum IL-6 and CRP in the partial response (PR), SD, and PD groups were analyzed by Mann-Whitney U-test. Correlations between serum IL-6 and CRP levels were determined by Spearman's rank correlation test, and P < 0.05 was considered to indicate statistical significance.
RESULTS
The characteristics of the 15 patients included in this study are summarized in Table 1 . Histological did not respond to any other IFN-α subtype composition (6, 7, 9, 12, 16) . Here, we report the efficacy of IFN-α alteration therapy for cytokine-refractory mRCC.
MATERIALS AND METHODS
In our department and associated institutions, alternating IFN-α therapy was provided for cases of initially IFN-α-refractory mRCC from June 2005 to September 2008. The study population consisted of patients aged ≥ 20 years with histologically or cytologically confirmed mRCC who did not respond to at least one IFN-α-containing regimen. Other inclusion criteria were as follows: life expectancy ≥ 3 months; presence of at least one measurable lesion on computed tomography (CT) or magnetic resonance imaging (MRI) as designated by Response Evaluation Criteria in Solid Tumors (RECIST); adequate cardiac, hepatic, and renal function; no active infection. Performance status and risk classification were assessed based on the Karnofsky performance status scale and the Memorial Sloan-Kettering Cancer Center (MSKCC) prognostic factor model, respectively. Informed consent was obtained from all patients prior to enrollment in the study, which was approved by the institutional review board at each participating hospital. In cases in which medication was discontinued due to confirmation of progressive disease (PD) or side effects in the previous treatment, IFN-α with a subtype composition different to that of the previous IFN-α preparation was administered after an interval of 2 weeks. The doses of IFN-α were entrusted to each doctor in charge and intervals were a minimum of twice a week. Treatment was canceled in cases in which PD or side effects were confirmed after administration of IFN-α. Serum C-reactive protein (CRP) and interleukin (IL)-6 levels were measured before and every 2 months after IFN-α administration for the initial 6 months. Serum CRP was measured in the laboratory of Kanazawa University Hospital and IL-6 was measured by chemiluminescent enzyme immunoassay (SRL Inc., Tokyo, Japan). The cutoff value of serum CRP level in our hospital is 0.3 mg/dL. All patients routinely underwent physical examination and laboratory evaluation every 2 to 4 weeks. The responses of all patients were assessed by CT of the chest and abdomen every 2 months for 6 months after changing IFN-α, and then every 3 months according to RECIST. The response was categorized based on the maximum effect of immu- (2) . However, molecular target therapy is associated with particular adverse events, such as hand-foot syndrome, examination indicated that all cases showed clear cell type RCC (14 cases with previous nephrectomy specimen and 1 case with cervical lymph node biopsy specimen). With regard to metastases, 6 cases had multiple organ metastases and 9 cases had metastasis in only 1 organ. First induction of IFN-α therapy had been performed in all patients. The study population included several patients who had received various treatments, including immunotherapy, mini-transplantation (i.e., reduced stem cell transplantation), and chemotherapy. As a change from the previous treatment, 13 cases were administered OIF and 2 cases received Sumiferon.
With regard to adverse events, administration was discontinued in 1 case because of exacerbation of depression, but there were no other cases in which treatment was discontinued due to side effects.
Confirmed PR according to RECIST was observed in one patient (7%) and the response rate (CR+PR) was 7% ( Table 2 ). A total of 3 patients achieved SD and the overall disease control rate (CR+PR+SD) was 27% ( Table 2 ). The PR case had pulmonary and lymph node metastases and all SD cases had only pulmonary metastasis. The case of PR is still in PR after 21 months. Two of the 3 cases of SD still had SD after 14 months and 12 months, respectively. The other case of SD dropped out due to exacerbation of depression after 4 months administration of altered IFN-α.
In all disease control cases, the serum IL-6 levels before treatment were lower than 2 pg/mL and were significantly lower than the levels in PD cases (Fig. 1) . The serum IL-6 levels showed almost no changes after alternative IFN-α treatment in all cases. The serum CRP levels of disease control cases were all negative (< 0.3 mg/dL) and a significant correlation was found between IL-6 level and CRP level (R 2 = 0.706; P = 0.0001; Fig. 2 ). The number of MSKCC risk factors in all disease control cases was 0 or 1, and all cases with two or more risk factors were PD (Table 3) .
DISCUSSION
The only effective treatment for mRCC was cytokine-based immunotherapy until recently. However, recent advances in the understanding of genetics and biology of RCC have led to novel molecular targeted agent, such as tyrosine kinase inhibitors (TKIs) or mammalian target of rapamycin (mTOR) inhibitors. The treatment strategy for mRCC in Europe and America has changed from cytokine therapy to molecular targeted therapy, and the cytokine therapy Fig. 1 Comparisons of serum interleukin (IL)-6 levels between partial response (PR) or stable disease (SD) groups and progressive disease (PD) group. The serum IL-6 levels before treatment in all disease control cases were lower than 2 pg/mL and were significantly lower than the levels in PD cases. Fig. 2 Relationship between C-reactive protein (CRP) and interleukin (IL)-6 levels in partial response (PR) or stable disease (SD) groups and progressive disease (PD) group. The serum CRP levels of disease control cases were all negative (< 0.3 mg/dL) and a significant correlation was found between IL-6 level and CRP level. showed that IFN-α10 had the strongest inhibitory effect against ACHN cell proliferation with affinity to ACHN cells that was 10 times higher than that of IFN-α2 (22) . The antiproliferative effects of both natural and recombinant IFN-α2 are dependent on the target cell line. The differences between natural and recombinant IFN-α2 may be because the former is glycosylated while the latter is not ( (16) . We also encountered a mRCC case that the change from a natural IFN-α (OIF) to another natural IFN-α (Sumiferon) was effective, and the PR status had continued for over 21 months (12) . These observations suggest that each mRCC case responds to different IFN-α subtypes not only in vitro but also in vivo. There have also been reports that side effects were relieved by changing IFN-α preparations (6) . As a strategy for sequential usage of IFN-α, we can begin administering any IFN-α and change to any other IFN-α which our urologists have not encountered. In addition, grade 3 or higher adverse events classified according to the NCI-CTCAE ver.3, including severe myelosuppression or cardiac dysfunction, are occasionally observed especially with administration of sunitinib, which usually has favorable effects in mRCC (13) . Therefore, treatment often cannot be continued in patients and their quality of life suffers because of these adverse events. There have been reports that adverse events of molecular target medicine may occur more strongly in Japanese patients, which may be due to ethnic differences (1, 20) . The previous study analyzing treatment outcomes in 1463 Japanese mRCC patients received cytokinebased therapy indicated that the median survival time of 13.1 months in Europe and the USA was increased to 21.4 months in Japan (14) . Although this was a retrospective study, it was suggested that Japanese mRCC patients live longer than those in Europe and the USA. There are various possible explanations for this difference of their life span. First, nephrectomy is performed in a higher percentage of cases in Japan. Second, there are fewer cases with multiple metastases in the Japanese population. Third, most Japanese mRCC patients continued cytokine therapy even after disease was evaluated as progressed as this was enabled by the insurance system in Japan. Finally, the differences may be related to racial differences between the European/ American and Japanese populations. Indeed, single nucleotide polymorphism (SNP) analysis of signal transducer and activator of transcription 3 (STAT3) expression indicated that the proportions of genotypes observed more frequently in IFN-α responders are higher in the Japanese population than in white populations (8) . Therefore, the current European and American guidelines for mRCC treatments are not suitable for the Japanese population. Cytokine therapy has been shown to be effective especially in cases with metastases of the lung only. It is necessary to accumulate data in Japan and to form new guidelines for use in the Japanese population. Immunotherapy may be suitable as first-line treatment only in cases with metastases to the lungs and lymph nodes from RCC.
There are some differences in subtype compositions among recombinant and natural IFN-α preparations because of differences in manufacturing methods (Table 4) . Yanai et al. characterized the antitumor activities of various IFN-α subtypes (IFN-α 1, 2, 5, 8, and 10) on RCC cell lines in vitro, and showed that IFN-α8 had the most potent inhibitory activity against cell proliferation among these sub- (19) . In the present study, IL-6 level was low in all cases in which alternative IFN-α treatment was effective, and there were no effective cases with high IL-6 levels (> 2 pg/mL). Serum IL-6 levels were reported to be correlated with serum CRP levels, as in our study (3, 10) . Low IL-6 level just before alteration of IFN-α is thought to be a good response indicator. Serum IL-6 is not a common laboratory examination but CRP is easily examined as a routine inflammatory index, so serum CRP may be useful as a substitute marker for IL-6 in daily examination. Effective cases were all classified histologically as clear cell cancer, and had only lung and lymph node involvement as metastatic sites (6, 7, 9, 12, 16) . There were no effective cases with two or more MSKCC risk factors.
In conclusion, IFN-α alternation therapy is one treatment option for mRCC patients in whom firstline IFN-α treatment failed if the patient has only lung or lymph node metastasis, low risk factors (MSKCC risk factor 0 or 1), negative for serum CRP, and histologically confirmed clear cell cancer.
